To simulate allochthonous DOC in streams, a pre-degraded extract of plant material from crack willow (Salix fragilis) was produced. S. fragilis, and other Salix species, are common members of the riparian vegetation of European streams and rivers, including our studied stream, the Oberer Seebach (OSB) in Lunz am See, Austria (Lat: 47.852456°, Long: 15.065945°). Cuttings of S. fragilis (willow) were grown under a 13 CO 2 -enriched atmosphere (Isolife, The Netherlands) for 3 months.
combined with part of the unlabeled degraded extract to a concentration of <10 atom % 13 C to accommodate the measurement constraints of the isotopic ratio mass spectrometer. A similar approach has previously been successfully applied to study uptake of DOC of different lability in streams 1, 2 .
Hyporheic microcosms
Sintered glass beads (SIRAN carriers, 2-3 mm Ø, Jaeger Biotech Engineering)
were used as substrate for hyporheic biofilm communities in the microcosms. The beads were colonized inside mesh bags in the dark in the OSB for 31 days in OctoberNovember 2011. After this time, the beads were rinsed to remove detrital particles, mixed and gently filled into the microcosms which consisted of 200 ml borosilicate glass cylinders with tubing connectors at both ends ( Fig. 1) . The microcosms were then fed with unfiltered streamwater for an additional 16.5 days in order to acclimatize to laboratory conditions. The outflow of the microcosms during the streamwater phase was collected in a tank and used to make up the medium used in the following experimental phases (recirculated streamwater).
The hyporheic microcosms ( Fig. 1 ) were subjected to a once-through flow of medium, consisting of recirculated streamwater mixed with willow DOM and labile DOM treatments during part of the experiment (see sections 2.3 and 2.4). The medium was pumped through the microcosms by peristaltic pumps (Ecoline VC MS/CA2, Ismatec) from 4 L polypropylene copolymer bottles (Nalgene). Each microcosm was connected to an individual bottle ( Fig. 1) , and the bottles with medium were replaced roughly every 48 hours. Bottles were autoclaved between changes, and all medium was sterile filtered to prevent bacterial growth in the bottles.
The microcosms were covered to prevent algal growth during the entire experiment.
The experiment was carried out in a climatized room where the temperature was continuously monitored. The average temperature during the experiment was 18.8ºC
(maximum 20.3, minimum 17.7). The empty bed contact time (residence time) of medium in the microcosms was 183 minutes (average, SD ± 11 min). This was calculated from the flow rate, which was 0.90 ml min -1 on average (SD ± 0.05, measured daily for each microcosm), and the volume of medium in each microcosm (the volume of the cylinder minus the volume displaced by the beads), which was 163.6 ml on average (SD ± 1.1).
Samples were taken at the inflow and outflow of each microcosm. Syringes (100 ml) were connected to sampling valves and allowed to passively collect sample liquid mediated by the pressure from the pump. Outflow samples were collected at the normal flow rate, while inflow samples were collected at a faster rate by diverting the flow for a short time (<5 minutes) via a three-way valve (see fig. 1 ).
Treatments
Three different labile DOM treatments simulating autochthonous inputs were employed in this experiment: Glucose, glucose combined with NO 3 and PO 4 (glucose+N+P), and an algal extract. The control treatment contained no labile carbon source. All treatments received the same background concentration of willow DOM.
The target concentrations of carbon additions were 0.45 mg L -1 labile DOM and 0.9 mg L -1 willow DOM. The background stream DOC concentration averaged 1.09 mg L -1 . In the glucose+N+P treatment, N-NO 3 was added at a target concentration of 2200 µg L -1 above the background and P-PO 4 was added at 6.8 µg L -1 . These concentrations of inorganic nutrients in the glucose+N+P treatment were chosen to match the final concentration of mineral nutrients in the algal extract treatment, taking into account also the concentration of organic N in the algal extract. The final concentrations of the treatments (Table 1) were within the range of naturally occurring concentrations of DOC and N-NO 3 recorded in the Oberer Seebach.
The algal extract was obtained from a 50 L culture of the green alga
Monoraphidium contortum harvested at stationary phase. The algal cells were concentrated by centrifugation, washed twice in streamwater and sonicated to disrupt the cell walls. The resulting extract was sterile filtered and stored at 4ºC for a few days until use.
Experimental phases
The experimental preparations (described in detail in previous sections)
included:
-Production of a 13 C-labeled willow DOM tracer.
-Production of labile DOM additions from an algal culture, glucose and mineral nutrients.
-Colonization of hyporheic biofilm communities in the streambed.
-Assembly of hyporheic microcosms.
The experiment included 4 phases during which sampling was carried out:
1. During the streamwater phase (16.5 days), the bioreactors were subjected to a flow of unfiltered streamwater from the OSB in order to acclimatize them to laboratory conditions.
2. During the pre-pulse phase (2 days), unlabeled willow DOM was added to all microcosms to acclimatize the bacterial communities to a higher total DOC concentration.
3. In the pulse phase (7 days), labile DOM substrate treatments were added along with the 13 C-labeled willow DOM to test for priming effects.
4. In order to detect delayed effects of the treatments, the pulse phase was followed by an extended 13 C labeled willow DOM-only phase (post-pulse phase, 14 days). See Fig.   2 for an illustration of experimental phases and timings of sampling points.
Liquid sample processing
Liquid samples were collected for analysis of the concentration and isotopic composition of DOC and DIC and the concentration of mineral nutrients (NO 3 and PO 4 ). The sample liquid was filtered using pre-combusted glass fiber filters 
Biomass sample processing
Biofilm biomass was sampled twice during the experiment. At the beginning, after the streamwater phase, five microcosms were destructively sampled and the beads were frozen at -80ºC until further processing. At the end of the post-pulse phase, all remaining microcosms were destructively sampled and the beads were frozen and stored at -80ºC.
Biomass samples were harvested from the glass beads by sonication and vortexing according to 3 . To detach biomass from the beads, approximately 6 g of beads per bioreactor were vortexed (10s, full power) in a sterile centrifuge tube (50 ml, BD Falcon) and sonicated (1 min, 1s pulse, 13% amplitude, Branson Digital Sonifier Probe) in MilliQ water (20 ml). The detachment procedure was repeated three times.
The supernatant was decanted, the beads rinse twice with MilliQ water and the supernatants decanted again. The resulting water-biofilm slurry was lyophilized and the dry powder was acidified with HCl (10% w/v), and dried again before determination of organic C content and isotopic composition by an elemental analyzer-IRMS (Euro EA 1110 C/N analyzer coupled to a DELTA plus IRMS by
ConFlo III interface, Thermo Scientific).
Respiration
Consumption of dissolved oxygen was used as a proxy for respiration in the microcosms. This method was preferred over using production of DIC because of the high background DIC concentrations (31-33 mg/l) resulting from carbonates in the streamwater that easily overshadow the relatively small increase in DIC due to respiration. However, to translate oxygen removal into respired CO 2 , a respiratory coefficient (RQ) was derived from dividing the DIC produced by the O 2 consumed (in mol) for all microcosms and all time points (n=280). This yielded an average RQ of 0.81 (SD ±0.51) which corresponds well to RQs determined in other freshwater environments 4 . Thus, bulk respiration was calculated as:
Where C R is the concentration of respired DIC (mg/l) and O in and O out are the measured oxygen concentrations at the input and output of the microcosms, respectively.
Removal and release of carbon and inorganic nutrients
The accumulated mass of CO 2 respired, and of the DOC and inorganic nutrients removed during the different phases of the experiment was calculated using the measured flow rates and integrated over the duration of each of the phases of the experiment.
The experiment was divided into 13 intervals, each encompassing one sampling point. The volume of medium that passed through each microcosm during each interval was calculated using the daily measured flow rates of each microcosm.
The mass of C, N-NO 3 or P-PO 4 processed during each interval was calculated as:
Where M X is the mass of C, N or P removed or released during an interval, ΔC X is the difference in concentration of C, N or P between input and output of the microcosm (or the concentration of respired C, see section 2.8.1) measured at one sampling point, Q is the flowrate, and t 0 and t int represent the duration of an interval.
The masses calculated for each interval were then summed up over each experimental phase, and normalized to the mass of beads contained in each microcosm (a proxy for biomass), and finally expressed as an hourly rate.
Partitioning of carbon pools
Partitioning of respiration, DOC and biomass into willow-derived C and nonwillow derived C was achieved using the isotopic signature of the carbon in the respective datasets in combination with the known isotopic label of the willow DOM.
Other carbon pools include the labile DOM additions, background streamwater DOC and preexisting particulate OM and biomass in the microcosms.
For respiration it was necessary to correct the measured isotopic composition of the DIC to separate the isotopic label of the respired CO 2 from that of the background carbonates contained in the stream water. This could be achieved using a linear mixing model with two end members:
Where d out is the isotopic label of the output DIC in atom % 13 C, d BG is the isotopic label of the background DIC (same as input DIC, containing no respired CO 2 from within the microcosms), F BG is the fraction of background DIC and F R is the fraction of respired C. F R can also be expressed as:
Where C R is the concentration of respired CO 2 derived from oxygen concentration data (see section 2.8.1.), and C BG is the concentration of background DIC, derived from bulk DIC concentration data of input samples. The isotopic label of the respired CO 2 could thus be calculated by combining equations 3, 4 and 5:
To partition respiration, DOC and biomass into willow-derived and non-willow derived, a two end member linear mixing model was employed 5 .
Where d X is the measured isotopic signature of the C pool of interest (respired CO 2 , The priming effect was calculated as the surplus willow-derived respiration in the labile DOM treatments compared to the mean willow-derived respiration of the control treatment.
Statistical analyses
All calculations and tests were carried out in the statistical software environment R 6 .
Significant differences between treatments were tested for using one-way anova (function aov() in R), followed by Tukey's honest significant differences (function TukeyHSD in R). 
